v-Small separated accessory ventricles in the occipital lobe were observed in 21.3% of 404 patients, as seen by computerized tomogram. There was no significant preponderance in regard to sex or laterality. The accessory ventricles were clinically not significant. As seen at autopsy, accessory ventricles were found in the subcalcarine white matter, posterior to the occipital horn of the lateral ventricle, in 29.5% of 200 "normal" brains. Again, there were no significant sex and laterality differences. Accessory ventricles were never found in brains of fetuses or newborn babies. The youngest child in whom an accessory ventricle was found was 1 month old. No accessory ventricles were larger than 1 cm in diameter; they were slit-like, triangular or oval in shape. Histologically, they showed subtotal loss of the ependymal layer, subependymal gliosis, and/or fibrosis, and, in some cases, hyalinofibrotic capillary degeneration. Electron microscopy of the remaining ependymal cells in the accessory ventricle showed marked atrophy. Accessory ventricles are formed at the tip of the occipital horn postnatally through the expansion of the deep calcarine fissure, increase in brain volume in the region, and subsequent fusion of the mediolateral ventricular walls.
C
OMPUTERIZED tomography (CT) frequently reveals small radiolucent structures at the tip of the occipital horn of the lateral ventricle. A study was undertaken to determine the localization and frequency of these phenomena, to investigate their significance, and to observe their morphology. We present the results of this study, and discuss the possible morphogenesis of these structures which are a part of the ventricular system. We propose to designate the separated ventricular segment an "accessory ventricle."
Materials and Methods
The clinical observations were made from a series of CT scans of 404 patients (172 females and 232 males), with ages ranging from 10 months to 86 years (mean 42.8 years), who were examined in our neurosurgery department in Japan. Tomograms were obtained, usually at an interval of 1 cm; in questionable cases, the presence of an accessory ventricle was ascertained by further cuts at an interval of 3 mm.
The autopsy material consisted of 230 brains of children and adults (96 females and 134 males), including 30 fetal brains, examined in our neuropathology department in Germany. Patients with malformations of the central nervous system or other organs, or destructive processes such as trauma or degenerative diseases were excluded.
The presence of accessory ventricles was determined by macroscopic observations. All accessory ventricles were also studied histologically. In addition, electron microscopic examination was carried out on a few specimens obtained from fresh unfixed brains. The regions of the accessory ventricle and the neighboring lateral ventricle were excised, fixed with glutaraldehyde, stained with osmium tetroxide, and embedded in Araldite.
Results
In both clinical and anatomical studies, accessory ventricles were found exclusively in the occipital white matter related to the calcarine sulcus, posterior to the occipital horn of the lateral ventricle. (22.0%), for a total of 86 (21.3%) in 404 patients. In 25 patients the anomaly was located on the right side, in 34 on the left, and in 27 on both sides. The sex and laterality difference was insignificant. Accessory ventricles were found in patients of all ages older than 2 years (Table 1) . No clinical correlations were identified, and there was no relationship with any disease. Representative CT scans are shown in Fig. 1 .
Clinical Findings

Autopsy Findings
At autopsy, accessory ventricles usually appeared either slit-like, parallel to the U-fibers of the calcarine cortex, or triangular or oval (Fig. 2a to c ). They were distinct from the remainder of the occipital horn. In eight cases, a narrow channel connected the accessory ventricles and the occipital horn (Fig. 2d) . The incidence of accessory ventricles in this group was 29.5% (Table 1) . We have never found an accessory ventricle in premature or full-term infant brains; the earliest ones were observed in a 1-month-old boy and a 3-monthold girl. Again, there were no statistically significant differences in sex or laterality in this group. Histological features of the accessory ventricles included remarkable subependymal gliosis and/or fibrosis (Fig. 3a, b , and c) in comparison to the remainder of the lateral ventricle. Loss of the ependymal cell layer in accessory ventricles was observed often. In several cases, small subependymal vessels showed marked fibrous or hyaline degeneration ( Fig. 3a and b) , similar to that often found in elderly patients near the wall of the lateral ventricle. In almost all cases, a subependymal sheet connected the accessory ventricle and the occipital horn (Fig. 4) . The accessory ventricle contained mucinous fluid in several fixed brains; the fluid was slightly positive to periodic acid-Schiff (PAS) staining, but negative to other histochemical reactions for protein, fat, amyloid, and mucin.
On electron microscopic examination, the ependymal border revealed m a r k e d loss of cytoplasm corn- pared to the cells lining the lateral ventricle (Fig. 5 ). There were fewer microvilli and organelles in the cytoplasm. The nuclei showed no difference in structure.
Several neonatal specimens showed an incomplete subdivision of the occipital horn through the fusion of the calcarine cortex to the lateral wall of the ventricle (Fig. 6) . In such cases, the ependymal sheet was lost and the subependymal cell elements remained at the site of the fusion. There was no sign of gliomesenchymal reaction or active i n f l a m m a t i o n at the site (Fig. 6d) . 
Discussion
An accessory ventricle is not an additional ventricle; it develops from the normal ventricular system. Thus, the term "accessory" is not entirely correct; nevertheless, it is descriptive in the clinical sense.
The incidence of accessory ventricles in clinical and anatomical observations appears to show a statistically significant discrepancy (p --0.01). It is very likely, however, that the resolution of CT scans is not sufficient to reveal many smaller accessory ventricles. Another possible explanation lies in the difference in the shape of the occipital horn between European and Japanese individuals. Occipital horns in the average Japanese are shorter than in Caucasians. 6's This may be due to the different skull shape: the cranium tends to have a longer fronto-occipital axis in Caucasians than in Asians (Fig. l a) . A longer and narrower occipital horn might have more chance to form an accessory ventricle, as discussed below.
It is likely that the morphogenesis of accessory ventricles depends on the local development of the brain. We have not observed this entity in the fetal brain. Because of the growth of the occipital lobe during periand postnatal development, the calcarine fissure extends deeper into the occipital horn of the lateral ventricle ( Fig. 6a and b) . Between 1 and 3 months of age, the medial and lateral walls of the ventricle in the region fuse together and the ependymaliayer disappears (Fig. 6c) without any sign of necrosis or ventriculitis. A pathological process may lead to the same situation in some instances. The ependymal layer of the separated accessory ventricle likely undergoes atrophy accompanied by subependymal fibrosis or gliosis. The finding that an accessory ventricle is always localized in the subcalcarine region and that many of them are slit-like supports this hypothesis.
A similar condition has been observed in the anterior horn of the lateral ventricle (coarctation).~ This entity is believed to result from a similar mechanism of fusion of the ependymal surfaces during fetal life; however, sequestered parts of the ventricle are not observed in that region. Westergaard 9 studied the mechanism of coarctation in several species of laboratory animals. He has shown that the two opposite walls of the lateral ventricle come into contact. The luminal cell membranes then form a series of "zonulae adherentes," visible on electron microscopy; after that, the majority of cells gradually disappear. Thus, the original ventricular lumen is occluded. However, he found no ultrastructural difference between the cytoplasmic contents of remaining ependymal cells in coarctation regions compared to those in the adjacent open part of the lateral ventricle. In these animals, coarctation also takes place mainly in postnatal life.
According to recent observations 4 in early mouse embryos, occlusion of the neural lumen was brought about initially by the integration of processes from closely packed neuroepithelial cells, as seen electron microscopically. This situation is very different from the evidence in the human occipital horn in the postnatal period.
It is well known that occipital horns in normal brains are asymmetrical: the left occipital horn is significantly longer than the right. 6-s However, we have not observed in our clinical and autopsy cases a preference of accessory ventricles for one side or the other.
It should be stressed that subependymal gliosis or fibrosis were not found only in accessory ventricles, although they were more pronounced there than in the unoccluded portion of the ventricle. The ependymal layer of the accessory ventricles had been lost in many cases due to ependymal cell atrophy, as was confirmed by electron microscopic examination (Fig. 5) . Ependymal loss is observed frequently in the second and third gestational trimesters; the ependymal loss in the occipital horn is observed as early as the 27th to 28th gestational week. 2 The cell changes are characterized by pyknosis, hyperchromatism, or vesiculation of the nuclei; glial proliferation or hypercellularity in the areas of ependymal loss are described as not pronounced. 2 Another study described multifocal ependymal loss with either subependymal gliosis or loosening of the subependymal glia in adult brains. 3 According to Korosue, et al., 5 whose observations were based on 58 human brains, ependymal loss in the lateral ventricle was caused by subependymal gliosis which buried the ependymal cells. Ependymal cell atrophy in the accessory ventricles in our series was clearly different from congenital ependymal loss, and may well be responsible for the disappearance of the ependymal cell layer.
From these findings, we conclude that accessory ventricles represent a frequent anatomical variant of the ventricular system, formed in the early postnatal period. They are only found at the occipital tip of the lateral ventricle. The high incidence of accessory ventricles in both clinical and autopsy cases unassociated with any disease indicates that this finding has no clinical significance. The awareness of this condition, however, is important in the interpretation of CT scans.
